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Some Matters Relating to Depreciation 


VERYTHING is simple if you understand it. 
What makes things seem complex is the lack of 
this understanding. It is not too much to say 

that the misapprehensions as to the subject of deprecia- 
tion may be ascribed very largely, if not almost entirely, 
to a failure to appreciate a few very simple factors which 
are fundamental to this matter, so that they very largely 
control sound conclusions with reference to it. It is my 
purpose to state some of these fundamental propositions 
which are so simple that they may almost be said to 
demonstrate themselves, and to call attention to some of 
the most obvious deductions from them. 

First: It is a recognized established fact which can- 
not be disputed, that in the rendition of telephone service 
sooner or later from one cause or another—wear and tear, 
obsolescence, public requirements, storms, or what-not— 
the telephone plant is used up, except a few classes of 
so-called non-depreciable plant such as land. 

Second: It is self-evident that the cost of the plant 
so used up in rendering the service, less such amount, if 
any, as is recovered as net salvage when the plant is taken 
out of service is a part of what it has cost the company to 
furnish the service. It is equally clear that this expense 
item—this cost of plant used up—must be allocated to 
the period during which the item of plant in question has 


(71] 








Bell Telephone Quarterly 





been in service, that is, to the period of its useful life. 
It is a part of the cost of furnishing the service during 
this period. If an automobile, used up in five years of 
service, has cost $2,000 and returns $400 in net salvage, 
then the remaining $1600 is a part of what it has cost the 
company to render the service during this five-year 
period. If a switchboard is used up in fourteen years in 
the rendition of the service, its cost is a part of the cost 
of rendering the service during that period. Illustra- 
tions might be multiplied indefinitely. 

Stating it generally, the cost of plant used up in 
rendering the service, less net salvage, if any, is a part of 
what it has cost to render that service while the plant in 
question is being used up. 

Third: This being true, the conclusion is inevitable 
that if the operating accounts of the company are to 
correctly reflect the cost of rendering its service, there 
must be taken into these operating accounts, as a part of 
this cost, this expense on account of plant used up. The 
$1600 on account of the automobile must be charged to 
operating expenses during its five years of useful life, and 
the cost of the switchboard, less salvage, must also be so 
charged during its useful life of fourteen years in order to 
make the accounts show the actual cost of transacting 
the business. 

This conclusion is as inevitable as that two and two 
make four. As soon as it is recognized that the cost of 
property used up is a part of the cost of doing the busi- 
ness, the conclusion inevitably follows that this expense 
item must find its way into the accounts as an operating 
expense if they are to correctly reflect the facts as to the 
business. 

These are the simple fundamental propositions. A 
part of the expense of rendering the service is the cost of 
property used up in its rendition. Because this cost is a 
part of this expense it must appear in the accounts which 
show this expense, that is, as a part of the operating 
expenses. 
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What distinguishes an operating expense of this kind 
from the ordinary operating expenses is the fact that 
because the property is used up slowly the expense for 
the item in question covers more than one accounting 
period. This does not affect its essential character as an 
expense incurred in the transaction of the business. It is 
only material in the determination of how and when this 
expense should be brought into the accounts. 


THe ACCOUNTING PRACTICE 


When should this expense be brought into the operat- 
ing accounts? Obviously, during the period when the 
expense is being incurred, that is, during the period when 
the item of plant in question is being used up. Because 
the expense is incurred during this period it must be shown 
in the operating accounts for the same period. Other- 
wise, they would not truly reflect the operating expenses 
for this term. 

Sound accounting requires that this be done by charges 
to operating expenses in equal periodical increments. It 
is unnecessary to present the arguments which support 
this accounting practice. Its soundness is recognized by 
the Uniform System of Accounts prescribed by the Inter- 
state Commerce Commission and by the laws of numerous 
states which require it. 

Three factors must be determined in order to fix the 
amount of the monthly charge to operating expenses on 
account of any item of plant which is being used up in 
rendering the service. They are its cost, its useful life 
and the amount of the net salvage which will be realized 
when the item of plant in question is retired from service. 
The cost factor presents no difficulties. It is a known 
amount to be ascertained from the books. The useful 
life and the amount of net salvage may not be fixed with 
the same precision, because they look to the future; they 
have not yet occurred as facts, and so of necessity must 
be estimated. Just as a life insurance actuary cannot 
predict the life of any particular individual, a telephone 
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expert cannot predict with certainty just when any par- 
ticular item of plant will go out of service; but like the life 
insurance actuaries, those who have charge of these mat- 
ters for the telephone companies can from their experience 
and the statistical and other data available determine the 
average useful life of the various classes of items that go 
to make up a telephone plant. So that this factor of use- 
ful life is a determinable factor which may be and is fixed 
with what is reasonable accuracy for all practical purposes. 
And what is true of this factor is also true as to the remain- 
ing factor of net salvage. 

These factors having been ascertained, the balance 
remaining after deducting the net salvage from the 
original cost is the expense which remains to be taken into 
the operating expenses on account of the item of plant 
used up. How much should be so charged in each month 
becomes then a simple question of arithmetic. For 
instance, if a switchboard has a useful life of fourteen 
years and the net salvage is, say 30 per cent, there remains 
70 per cent which represents this cost to be charged to the 
operating expenses during the fourteen years, which means 
5 per cent in each year, or 5/12 of 1 per cent each month. 

In passing, it is worth while to note that there is 
nothing anomalous in the way this expense item is treated 
in the accounts. All expense items covering a period of 
one year or more are treated in the same way, such as 
taxes, insurance, bond discounts and expenses of financ- 
ing. In each of these cases the amount of the expense 
for the period is determined, as for instance the taxes for 
a year, and each month the proper proportion of it is 
charged to operating expenses and credited to an account 
against which the payment is charged when the expense 
item matures. To illustrate, if it is expected that the 
taxes for a year will be $1,200,000, each month $100,000 
is charged to expenses and credited to the account called 
“Taxes Accrued.”’ Then as the taxes become due they 
are paid, and the payments are charged against this 
account. In these accounts, as in the account “ Reserve 
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for Accrued Depreciation,” no special fund is actually 
maintained among the assets. The amounts credited to 
these accounts remain in the general funds of the com- 
pany and are used for its general purposes. When pay- 
ments are made, the money is taken out of any general 
funds available, and the reserve account is charged. 


Tue Account “‘ RESERVE FOR ACCRUED DEPRECIATION” 


This account is a piece of accounting machinery which 
facilitates charging the cost of property used up to operat- 
ing expenses in equal monthly installments, instead of in 
lump sums, which would unbalance the accounts, and 
which provides for taking out of the capital accounts the 
cost of property retired from service. 

While the account shown upon the books is entitled 
‘Reserve for Accrued Depreciation,” as has been indi- 
cated, no reserve in the sense of a particular fund set 
aside for this specific purpose is maintained. The cost 
of property used up, less the net salvage, is taken care of 
by monthly charges to operating expenses. To offset 
these charges, monthly credits in like amounts are made 
to this account called “Reserve for Accrued Deprecia- 
tion.”” The money represented by these entries comes 
out of earnings; it does not, however, go into a separate 
fund. It goes into the generai funds of the company, and 
through them finds its way into property and plant 
owned by the company, so that as items of plant are used 
up and retired they are replaced by other investments in 
like amounts. In this way the capital is maintained un- 
impaired. 

It is a misconception to think of this reserve in the 
sense of funds set aside and earmarked for use only in 
payment for replacements. The system of accounting 
does not contemplate such a fund. What is done is not 
to set this money aside and thereafter put. it into the 
plant through replacements paid for out of this particular 
fund. What is done is to take this money out of earnings 
and at once put it into additions to plant, so that by the 
time the original plant in question is displaced there will 
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have been added to the plant additions costing a like 
amount. 


REPLACEMENTS DO NOT MEASURE DEPRECIATION 
CHARGES 


What has preceded demonstrates that the amount to 
be charged to operating expenses on account of deprecia- 
tion is measured, not by amounts spent in replacements, 
but by what has gone into the property and has been used 
up. Renewals have nothing to do with the matter. 
Whether any renewals are made or not, and their amount, 
do not in any way affect this expense item. 

To digress for a moment, it may be noted that in the 
telephone industry property displaced is rarely replaced 
by property exactly like it. Additions to plant most 
frequently are not in the form of replacements of property 
taken out of the plant, but are usually made up of property 
that differs from that displaced. Pole lines of greater 
capacity are constructed in lieu of those abandoned. 
Cables are substituted for open wire; conduits for pole 
lines. Larger switchboards, or switchboards of different 
types are constructed, and so on through the list. 

Returning from this digression, if it is borne in mind 
that this charge is an operating expense on account of 
property used up, it must be absolutely clear that the 
statement that what determines its amount is the prop- 
erty used up, and that renewals have nothing whatever 
to do with it, is entirely sound. If an automobile is used 
up in the rendition of the service, then this cost has been 
incurred and is absolutely unaffected by whether this 
automobile is ever replaced by another one or not. The 
using up of the property creates this expense and deter- 
mines its amount; whether anything is done, and what is 
done in the way of replacing this property or substituting 
other property for it are absolutely immaterial. If a 
switchboard is used up in the service, the fact of the ex- 
pense and the amount of the expense are inevitable. The 
amount of this expense cannot be made greater or less by 
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any considerations except the original cost of the switch- 
board used up and the net salvage. When the switch- 
board is retired from service, its cost less the net salvage 
is a cost incurred in rendering the service, and this cost is 
unaffected by any other factors. 

Therefore, the things to look to in determining the 
amount of the charges to operating expenses on account 
of property used up are solely its cost, the net salvage and 
the useful life. With these factors correctly determined, 
the amounts of these charges must inevitably be correct, 
because they will equal the expense incurred on account 
of this property used up. If they do equal it they are 
right and the amount credited to the account ‘“ Reserve 
for Accrued Depreciation”’, whatever it is, is right; if they 
vary from it more than the variation which sound busi- 
ness prudence permits in dealing with an item that can- 
not be ascertained with absolute accuracy, to the extent 
of this variation they are wrong, whatever the credits in 
the reserve account and whatever the current charges 
against it. 


Tue Trust Funp THEORY 


It has sometimes been asserted that the amounts set 
aside to cover these expenses and the property in which 
they are invested are impressed with some kind of a trust, 
so that they are not in fact the property of the company. 
The fundamental matters to which reference has been 
made fully demonstrate the unsoundness of such asser- 
tions. 

The amounts in question are set aside out of the com- 
pany’s earnings. It is a loose and inaccurate way of 
thinking to assume that its subscribers pay to the com- 
pany specific amounts to be devoted to this depreciation 
account. They do not, any more than they pay to the 
company amounts to be used specifically for taxes or 
insurance or operators’ wages, or any other expense which 
it incurs. Its patrons receive service from the company; 
what they pay to the company is paid for this service. 
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It is not paid on account of any or all of the company’s 
expense items. This money belongs to the company 
because it has earned it, for exactly the same reason that 
what any man earns belongs to him. 

The obligations which the company incurs in the trans- 
action of the business are its obligations—the obligations 
of the company, and not of its patrons. Whether the com- 
pany has revenue or not, and the amount of its revenue, in 
no way affect its obligation to meet its expenses. It 
must pay its employees, it must pay its taxes, it must pay 
its insurance, and so on throughout the list, whether its 
revenue be adequate or inadequate, great or small. 

The company sets aside a part of its revenue to provide 
for the expense arising because of property used up in 
furnishing its service. The money so set aside belongs 
to the company because the company earned it. It uses 
this money in the purchase of additional property, so that 
as property goes out of the plant new property comes in, 
and its capital is maintained unimpaired. This new prop- 
erty is the property of the company for the fundamental 
reason that the company bought it and paid for it with 
its own money. There is nothing better settled than that 
what one buys and pays for out of his own earnings is his. 

Any other conclusion would destroy the investment 
of the company. As each $100 of plant is used up the 
company provides another $100 of plant to maintain its 
capital unimpaired, but if this second $100 of plant did 
not belong to the company but belonged to someone else, 
then when the original plant was used up the capital 
invested in it would be gone. 

Its original plant belonged to the company because it 
bought it and paid for it with its own money. Additions 
which it makes to its plant from time to time out of its 
earnings belong to it for the same reason. The assertion 
that these additions are not the property of the company 
but are impressed with a trust is neither good sense nor 
good law nor sound economics. 

N. T. GUERNSEY. 
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Public Utilities as “Allies of Industry” 


From the Address of Mr. E. K. Hall, at Chamber of Commerce 
Luncheon, Boston, Mass., March 1, 1928. 


N speaking of public utilities I mean all of the public 
| service companies—the steam and electric trans- 
portation companies, the energy and light producing 
companies, and the communication companies. These. 
companies are more than allies. They are the agencies 
around which and upon which modern civilization and 
business and commerce are built. They render a funda- 
mental service. It is more than an allied service. 

It is in the nature of a public service because they 
serve all of the public, either directly or indirectly. If 
these services were provided by governmental agencies, 
and they were all of them made one hundred per cent 
dependable, just what the public needed everywhere and 
at all times, we would have a basis for stability and pros- 
perity in industry that this country has never seen. But 
it has been found that the government cannot furnish 
this service effectively because of changing administra- 
tions, lack of foresight, unwillingness to pick the best man 
for the job, political atmosphere and various other rea- 
sons. It has been demonstrated that it is utterly hope- 
less to expect to get this kind of service from govern- 
mental agencies. 

Therefore, we have them in the form that we have 
them today—public utilities financed by private capital 
and not from the public treasury; managed by business 
men selected by the people who have risked their money 
and put it into the business; and regulated in the public 
interest by public authority. In other words, these 
agencies, these allies, are in the form of business corpora- 
tions. And they are your allies, essential to the suc- 
cessful conduct of your business. 

Now, what kind of allies do you want? You don’t want 
weak, anaemic, crippled, halting, shrivelling, broken- 
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down, bankrupt allies. You want them strong, alive, 
dependable, on the job, progressive and growing. That 
is the kind of allies you want. 

That means, talking in terms of business corpora- 
tions, because that is what they are—that means pros- 
perous corporations; that means prosperous public util- 
ities. Now, a prosperous public utility is not the same 
thing as a prosperous industrial corporation; that is, we 
use a very different yard-stick to find out whether a 
public utility is prosperous than we do to find out whether 
an industrial concern is prosperous. 

If we say that an industrial concern is prosperous, it 
generally means that in certain periods, or in prosperous 
times, that industry makes large, sometimes very large 
profits. Large enough in one or more prosperous years 
to fill the valleys of the lean years, and very often large 
enough so that after paying reasonable dividends, there 
are profits enough left to “plough” back into the busi- 
ness and build it up. Practically the entire growth 
of the business in a thoroughly prosperous industrial 
concern has often been provided by the excess profits 
from the business itself. The Ford Motor Car Company 
is a conspicuous example. 

The public utility is not at all like that. A public 
utility never expects and never did expect in any one 
year or period of years to make large “profits” as you 
gentlemen in industry and commerce consider “ profits’’. 
All that the public utilities are entitled to get and all they 
are asking to get is money enough to pay their bills, to 
pay good, fair, reasonable wages to the men and women 
that are giving the service, good, fair, reasonable wages 
for the capital that is making the service possible, and 
just one thing more—a reasonable margin over and above 
that every year. Not a big margin, not a margin that 
will in itself provide for enlarging business in the future, 
but just margin enough to give a sufficient cushion of 
safety to maintain beyond question the credit of the 
public utility. That is all they ask, just that reason- 
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able margin which, measured by any yard-stick that 
you gentlemen use in your business, is a narrow margin, 
a very narrow margin. 

Now, prosperity is a word we all like to use. It. 
indicates health and growth and progress and action and 
life. We do not hesitate, any of us, to say “See the 
textile industries of New England! They are prosperous, 
and it is a good thing for New England that they are 
prosperous.” ‘The leather business is coming back into 
prosperity again and it is a fine thing for New England.” 
“The fish industry is prosperous. It is a good thing for 
the state.’”’ I suppose there is not a town in the United 
States where the peopie do not like to say “Look at our 
bank. It is a prosperous bank. It is a great asset to 
the community.” We are delighted when we see reports 
of the great agricultural industries of the country and 
learn that they are prosperous. We like the sound. It 
makes us feel good. It’s a good sign. And so in the 
mining industry and the steel industry, and any other. 
But how many of you ever heard people going up and 
down the street enthusiastically saying, “We have 
nothing but prosperous utilities in this town. We have 
prosperous railroads in New England. Isn’t it 
great?”’ 

Why is it? Why aren’t we glad to say, “Here is a 
prosperous utility?” Well, I don’t know. There are 
not a great many of them about which you can say it, 
anyhow. But I think it is because of an erroneous 
impression that somehow or other, if the utilities prosper, 
they prosper at the expense of the public. Now, nothing 
could be further from the truth. If the utilities prosper, 
they never prosper at the expense of the public. But if 
they fail to prosper, it is always at the expense of the 
public. If a public utility fails to prosper its stockholders 
may suffer inconvenience or even hardship. Perhaps 
they can stand it if theyjhave to. We have seen many 
cases where they did stand it and live. The lack of 
prosperity may go to'a point where the employees suffer 
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to some extent, but the public always suffers if the util- 
ities fail to prosper. 


So, the first point I want to make is this: If you — 


want your utilities to work for you, make them strong; 
that is, make your utilities prosperous and keep them 
prosperous! And that means that you will be getting 
the service you need today and you will be guaranteeing 
your service for tomorrow, and for next year and for 
five years from now and ten years from now. 

One of the most conclusive pieces of evidence as to 
the value of the service of these utilities to industry and 
commerce and to society at large lies in this fact, that 
the demand for these services, all of them, transporta- 
tion, power and light, telephone, telegraph—has increased 
and today is increasing much faster than the population 
increases, very much faster. I hope you will pardon me 
if I use my illustrations from my own utility. That is 
the one in regard to which I know the facts. I am speak- 
ing for all. The principles underlying all are the same. 

Since 1900, the population of the United States has 
increased 37 per cent. You would naturally expect that 
the demand for telephone service would increase some- 
where around 37 per cent. During that period the 
demand for telephone service has increased, not 37 per 
cent, but over 1000 per cent, or tenfold since the year 
1900. This increase is mainly accounted for by the 
demand created by greater industrial activity. 

That demand on the part of the public for more 
service cannot be met by going out and employing more 
people. If it could be done that way, it would be easy. 
It just does not work that way, that is all. It is true that 
we must get more people, but we must get the appli- 
ances for them to work with first. Before we can begin 
to give that service, we must construct the plant and 
install the equipment without which these utilities have 
no facilities for rendering service. 

I wish I could make this point clear to you gentlemen, 
because it brings up the problem that is less understood 
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and more misunderstood on the part of the public than 
any other one thing in regard to the utilities. That 
problem is this continual demand—that you create and 
that we have to meet, if we can meet it—for more, better, 
and different service. 

It does not look very big when you take it up in small 
units. You see the electric light company running a 
cable along the street. It does not occur to you that is 
very much of a program. You happen to know that in 
a certain city they are putting in hard pavement on 
certain streets, and the electric light company and the 
telephone company have to abandon their over head 
wires and construct e new cable system underground. 
You say that it is a good thing, it improves the looks of 
the street. Then there are new wires here, a new switch- 
board, an enlarged power plant, a new siding here, a new 
station there and all that sort of thing. No single item 
looks very large, but when one comes to add them all up 
together the total runs into money that almost staggers 
one. 

Let me just illustrate. This is a simple looking object 
that I hold in my hand. It is a section of a telephone 
cable. It looks like a bunch of wires bound together 
and wrapped around with lead. That is a section of aerial 
telephone cable that is under construction now from New 
York to Chicago. When it is completed, you are going to 
use it. It is going to insure your service from the East to 
the West. Those Lake sleet storms are not going to in- 
terfere any more with your conversations between here 
and the West unless the poles go down. You probably 
agree it is a good thing. What do you suppose it will cost? 
It has been three years in building. It will take another 
year to complete it. When it is completed, from New 
York to Chicago, with all the appliances, loading coils, 
relays and other delicate apparatus necessary to make it 
work the way you want to have it work, it is going to cost 
$35,000,000—just that one cable from New York to 
Chicago. 
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Another illustration, if I may take it from my own 
utility. I have explained that it is no use to employ 
more people to give you more service, when you want 
more service, until we first get tools for them. When we 
take on one additional employee, we have to put out 
$6,000 to get him tools before he can go to work. Or to 
state it with strict accuracy our average investment for 
plant per employee is about $6,000. 


In the Bell System, we are planning to spend this year 
in new money, for additional plant which you people have 
already indicated you need for your service, close to 
$150,000,000 and as far as we can see, the same program 
will be required for the next four years without any 
diminution and possibly with some increase. 


The people in the power and light industry estimate 
that what they need in the year 1923, if they do the job 
right and provide service that you people are ready to 
use, if you could get it, would mean not a nickel less than 
half a billion of dollars. I do not dare try to tell you what 
it would mean in the transportation industry, street 
railway and steam roads, for they have been held back 
so long. I do not know what it would mean. It would 
stagger us all if we could know what those figures are and 
what this country really needs from the utilities. 


Now here is a point I want to make very clear, if I 
can:—that by the very nature of the public utility business 
it requires perfectly tremendous capital investments. I 
think in all of the utilities it is now well in excess of fifty 
billions of dollars. That is an almost unthinkable amount 
of money. Think of fifty billions of dollars perma- 
nently invested in your industries or in the commercial 
concerns of the country and try to visualize the progress 
you would make with that amount of capital, provided 
you also had the market. But you must remember 
that you turn over your capital two, three, four, or 
six times a year. Do you realize that in the public 
utility business it takes two or three or four or, in some 
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instances, five years, before the capital is turned over once? 
In other words, one of the features of the public utility 
business is the tremendous capital outlay that it requires 
as a permanent investment—not temporary borrowing 
and temporary capital, but permanent investment. The 
enormous amounts of fixed capital required and the 
necessity of continuous additions to that capital are 
features of the public utility business, around which lies 
one of its greatest, if not its greatest problem. 


This new money does not go in for the purpose of 
making more money for the people that have already 
invested their. money in the business. This new 
money is not to enhance the value of the property for the 
people who are already investors, but it is to take care 
of the additional service which you people are calling for. 
It is not to increase the present profits, as it would be 
expected to do in an ordinary concern, but just to carry 
on; to do the job as the community demands it. 


When these utilities call for this capital to enlarge 
these plants to take care of your growth and your future 
business it is important to every industry and every 
business concern in this country that they get it. It is 
infinitely more important to you than it is to the utilities 
that they get it. What does their getting it depend on? 
It depends on credit. What does credit depend on? 
Assuming reasonably efficient management, it depends 
on that margin I was talking about—just a good, fair, 
decent, able-bodied margin or surplus or cushion to come 
and go on. That is all. Keep that margin there and 
their credit will be safe. But it must be there every 
year. Not a skimpy one this year and a fair one that 
year and red figures the next year but always the steady 
margin. It does not need to be large. It is a pretty 
narrow margin, as margins go. But if it is reasonable 
and continuous, then the necessary capital will come 
to the public utilities as needed. 


I am not talking about bond capital. I am not 
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talking about companies financing themselves through 
bonds. Any concern can finance itself through bonds 
until it has got everything it owns in the pawn shop 
—then it is through. I am talking about real credit. 
I am talking about the kind of credit that will bring 
money into the foundation of the financial structure of 
all these utilities, with the investor a partner in the 
equity. 

Now, I hope that I have made this point clear:—that 
it is only by protecting the credit of your utilities 
today that you can make sure of your service of tomorrow. 
You cannot wait until you want that service and turn 
around and be sure of finding it at your elbow. Today 
you can insure it. Today you can make sure of your 
service five years from now. But it has got to be done 
today. 

That margin in the public utilities is the index of 
whether you are going to get the kind of service you 
want and need in your business three, five and ten years 
from now. Industry can help itself in no way better 
than by protecting that margin, and that means by pro- 
tecting the revenue of these utilities, its allies. I do not 
know of one single utility in the United States, in which 
it is safe today in the public interest to make any sub- 
stantial general reduction in the rates and revenues. The 
only mistake that the utilities or the commission regu- 
lating the utilities can make in the question of revenues 
and rates is by having the rates too low. Revenues that 
are too high can, at best, be only slightly too high. The 
amount that they could be reduced is negligible, but the 
damage that can be done by rates that are too low, by 
destroying or impairing this margin that I am telling 
you about, is stupendous compared with any little 
apparent temporary saving to users that might be made 
by such reduction. Rates that are too high cannot 
do any harm. They will just preserve the strength 
of the utility, the strength of your allies, and there is 
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always opportunity to readjust them if they ever get to 
a point where, in the broad public interest, it is safe 
to reduce the margin. 

It has been no simple matter for the railroads and the 
power and light companies and the gas companies and the 
communication companies throughout the United States 
to adjust their schedules, their revenues and their busi- 
ness, to the value of the dollar in this after-war period. 
We have all had difficulty in doing it. The job in many 
cases is not done yet. You have found it difficult in 
your business but for nobody has it been so difficult as for 
the utilities. The margins of even the reasonably pros- 
perous companies are so small that it is not in the public 
interest to take any chances on impairing them. 

Let us illustrate what those margins are. Last year in 
the Bell System, this margin that I am talking about, after 
paying all the wages, the bills and the dividends, and 
taking care of the depreciation of the plant—this margin 
was between twenty-four and twenty-five millions of 
dollars. Now, I do not know what you think about that 
for a margin. I do not know whether you think that is 
a fair margin or a narrow margin or a very excessive 
margin. Let us measure it. We have to measure it in 
the terms of the size and the responsibilities for service of 
the organization that has this margin. If the revenue of 
the telephone companies in the Bell System during the 
year 1922 had averaged one cent per telephone per day 
less there would not have been any margin or. surplus 
whatsoever and the dividends could have been paid only 
in part. That is how big that margin is. 

Is that a margin that anybody needs to be disturbed 
about? The only thing about that kind of a margin 
that needs to disturb anyone is that it is a margin that 
you cannot experiment with if you want enlarged or better 
or more dependable service next: year and five years from 
now. And when I say that margin, I am talking about 
comparable margins in all the public utilities that have 
been able to adjust their affairs to the dollar of today and 
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establish anything approaching a safe margin—a margin 
that is safe for the public served by these utilities. 

We must get it very clearly fixed in our minds that 
this question of relation between the public and the 
utilities in the matter of rates, is not a horse trade; it is 
not a case for jockeying—or cheese-paring or for either 
one to try to get an apparent, temporary advantage over 
the other. This relation between the public and the 
industries of the public utilities is a permanent, living 
relationship in which they must work along together for 
the benefit of each indefinitely from now through all time 
to come, and that is the only way it can be worked out to 
the advantage of industry, of commerce and of society. 

My first suggestion was, keep your allies prosperous; 
my second suggestion is:—work with them. They are 
your allies. Work with them, not apart from them; not 
against them, but with them. The only job they have on 
earth, the only excuse for existing they have on earth, is 
to give you people and your industries service. All right. 
Get together with them and work out the way to get just 
the service you want. That is what you are entitled to; 
that is the only way that is going to be satisfactory to 
you or satisfactory to the utilities. So, I say, work with 
them. 

Get acquainted with them. You will find out some 
things you do not know. You will find that some of you 
have been holding to impressions of 25 years ago. Twenty- 
five years ago you found some of the utilities doing things 
you did not like, so you said, “Let’s regulate them.” 
And you put them under regulation, and when you did 
it, you were in a retaliatory mood, and they resented 
it because nobody likes to be taken by the back of the 
neck and told, “Don’t do that or you are going to get 
spanked.” You did not like it even when you were 
four years old and you do not like it now. The utili- 
ties got a bit peevish 20 years ago when you talked 
that way to them. But get acquainted with them now 
and you will find they are not peevish. They know 
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more about their job than they did 20 years ago. They 
did not know very much about it then but most of them 
come pretty near understanding what it really is now. 
Most of them, you will find, understand that their job is 
service. You will find that they have accepted this idea 
of regulation and ask nothing else than that it be done 
intelligently and impartially in the real, permanent public 
interest. 

You will find another change when you get acquainted 
with the utilities of today. In the old days when they 
were small and really just getting started, they were con- 
trolled by one man, by two men, or by a little group of 
men or a little clique, and it was easy for that one man who 
owned control or this little group of men to play the game 
for their own interest or their friends’ interest and to 
think of their own interest before they did of the public 
interest. You will find that has practically disappeared. 
No one man controls any big utility. They are literally 
owned by the public and owned very largely, and in- 
creasingly so, by the people who are the users and the 
consumers of the service. 

About the only exception to that proposition that 
you will find is the public utility which has failed to be- 
come prosperous and has gotten into trouble and has been 
taken hold of by the creditors. And I will say to you 
that when you get a utility in that shape—where the 
creditors have come in and are managing it—it is a 
mighty difficult thing for bondholders to look at the 
public interest first. Their first and controlling thought 
is to get their money back—they never dedicated their 
investment to a partnership with the public—they simply 
loaned their money and demanded collateral on which 
they propose to foreclose. 

Another thing that you will find is that, almost 
universally, the utility managers recognize the fact that 
the public interest and their own interest are absolutely 
bound up and tied up together; that neither can prosper 
at the expense of the other; and that the public interest 
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in most cases is considered first. I have sat in a good 
many councils of a good many utilities during the last 
five years. I have been able to think of only one case 
where there was any suggestion by any manager or 
executive that the public interest was not equal to or to 
be considered prior to that of the utility. 

I have a third suggestion:—make your utilities re- 
sponsible. I want to emphasize this. Make them 
responsible and then hold them absolutely to that respon- 
sibility. How do you do with your own organization if 
you want a job done, and you call in your right-hand 
man? You say, “Here is what we want done. You have 
all the authority, no restrictions. You know the policies 
and standards in this organization. Go ahead and get 
results.”” He is pretty likely to come back with the 
results. You do not say to him, “Now that is what we 
want done but don’t work on Fridays. Keep your left 
hand tied behind you and walk on one foot on Thursdays. 
Get John Jones to help you and don’t accept help from 
anyone else. Don’t spend more than $14.20 on railroad 
fares and leave the office every night at 5:00 P. M.” 
You put the sole responsibility on him. 

The greatest single mistake that I know of that has 
been made in the regulation of utilities is the overzealous 
attempt—sometimes on the part of the public and some- 
times on the part of the regulatory bodies—to take over a 
portion of the responsibilities of the management of the 
utilities. When you put the restrictions on and say, “‘ You 
can’t do it this way or that way, etc.’—don’t you see 
what happens? You create a situation in which your 
utility has an alibi. When they fall down and you com- 
plain, the utilities can and often very properly do say 
“We could have done the job, but you didn’t give us 
a chance.” 

So I say, do not interfere with the management func- 
tion. Put the responsibility for management upon the 
persons to whom it belongs and then you can hold them 
responsible. There are already too many cases in this 
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country where that cannot be done because the responsi- 
bility has either been taken away or divided. 

Now, a fourth suggestion. These are your allies we 
are talking about. They are rendering you service. 
That is their job. What is the greatest incentive for 
gilt-edged service, service that is alive, active, with every 
pound of available energy behind it? What gets that 
kind of service? Not money. It is appreciation. Ap- 
preciation:—that is the greatest reward for service— 
occasional appreciation by the people who are being 
served. 

Let me give you an illustration. Do you know what 
happens in a power and light company or a railroad or a 
telephone company when somebody writes in a letter and 
says, ‘‘ Yesterday you took care of us in fine shape?”” Do 
you think that letter goes into the waste basket? It 
does not go into the waste basket. That letter gets 
pretty nearly worn out just going the rounds and cheer- 
ing up the gang—it keeps them on their toes for the next 
two weeks. 

I can tell you how you could improve the quality of 
the service of any public utility in any community any- 
where by ten to twenty per cent. Let the utility be giv- 
ing just as good service as it is possible to give where 
there is never an expression of appreciation for the good 
service but plenty of complaint for the failures. Then 
let that community say, “ You are all right, fellows. You 
mess it up once in a while, but generally speaking, you 
are all to the good and we are right with you.” You will 
increase the quality of your service ten to twenty per 
cent, just by that, because you put real life and humanity 
into it. 

Those are the four suggestions. But I hear somebody 
say, “Suppose we don’t put any restrictions on these 
public utilities; suppose we do keep them prosperous; 
suppose we do try to work with them; suppose we do 
give them the responsibility. Then suppose they do not 
work; they just simply do not give us the service; they 
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just do not know their job. What are we going to do?” 
Well, if that should really happen, there are several 
things not to do. Do not do what has been done too 
often in the past. Do not try to cure it by reprisals. 
Do not try to do it by slamming them, by hurting them, 
by crippling them. The real answer is “It is not going 
to happen.” Under the conditions I have just outlined, 
you'll be getting the service as you want it and there 
can be no alibis. 


I am not suggesting to you gentlemen or to the 
public or to anybody else that you take over the prob- 
lems or the troubles of the utilities. That is their job. 
It is not your job. You have troubles and problems of 
your own. What I am trying to suggest to you is how 
you can get from the utilities the service you need and 
must have if your industries are to be successful. There 
never was a truer statement in print than that made by 
this Chamber of Commerce in its announcement of this 
series of meetings, where it said, “ Allies of industry :—The 
Public Utilities.” 

Allies of industry:—that statement goes right down 
to the root of the whole question. I know that the 
publie utilities are absolutely ready for that alliance. I 
know that if the public, following the example of the lead- 
ers in industry and commerce, would accept and maintain 
that relationship as the true one between industry and 
commerce, and the public utilities, in five years we would 
see public service such as has never yet been seen in this 
country, nor any other. It would be in the interest of 
everybody. It could not be to the detriment of any 
living soul in the United States. 

The way is clear. The formula is simple, and the 
principle is as sound as the granite hills. The formula is 
easy: Give your allies a chance. Make them pros- 
perous. Make them strong. Do not cripple them. Do not 
let anybody else cripple them. Protect those margins. 
They are small margins at best, but they are yours—they 
are your insurance for the service of tomorrow. Keep 
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the responsibility for running the public utilities on the 
shoulders of the utilities, where it belongs. Do not give 
them the alibis to slide out with. Work with them and 
not apart from them, and give them an occasional boost. 

I will tell you what that would mean. It would mean 
that all the capital that is necessary for all the service and 
every kind of service you want would simply flow into 
the utilities. And that would mean that the power and 
light companies of this country would go wherever it was 
necessary to go to the sources of power for electric energy. 
It might be to the distant water powers; it might be right 
to the mouth of coal mines. But if, alone or in coopera- 
tion with each other, they could finance the great con- 
struction programs to do it, they would go to the sources 
of the cheapest possible power, which is what industry 
is erying out for today. 

What would it mean to the railroads? It would mean 
that by the year 1930, you would have—even for the 
greatly enlarged needs of the country in the year 1930—a 
quality of service approximating the kind of service that 
you had in 1900, and I do not dare try to tell you what 
could be done for industry by the communication com- 
panies under those conditions. 

It would mean, furthermore, that all of these services 
would be more valuable and more dependable than ever 
before; that in proportion to their value all these services 
would be cheaper than ever before, and in many cases it 
would eventually mean that even the unit prices for the 
services would be cheaper. It would mean that the 
growth of the utilities would be more rapid than ever 
before, and, barring unforeseen world conditions affecting 
the United States, you would see a period of protracted, 
consistent and stabilized prosperity such as this country 
has never experienced. 


E. K.. Haut. 
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The Development of Cables Used in the 
Bell System 


Ear.ty Types oF CABLE 
, NAHE principal earliest use of cable for telephonic 





purposes was where it became necessary to carry 

groups of wires across navigable rivers either by 
placing them on bridges, or in tunnels, or allowing them 
to rest on the bed of the stream. As gutta-percha and 
rubber had been used as the insulating materials in tele- 
graph cables, it was natural that the first telephone cables 
should employ those materials. Single wire grounded 
lines were used and, to reduce overhearing from one wire 
to another as much as possible, each insulated wire had a 
thin metal covering which was grounded at intervals. 

What was known as the Brooks System was also used 
to a considerable extent in the early days. In that sys- 
tem each conducting wire was covered with cotton and 
wrapped spirally with a very light copper wire, also in- 
sulated with cotton, to serve as an induction shield. The 
wires thus wrapped were bunched together and drawn 
into an iron gas pipe which was filled with oil. A stand- 
pipe and reservoir, containing several gallons of oil, was 
connected to the piping system for the purpose of main- 
taining the oil under pressure so as to prevent water from 
entering in the event of a leak in the pipe. 

Some unique ideas came into more or less limited use 
during the first few years of the business. For example, 
there was a cable consisting of about 20 bare wires, each 
one drawn into a small glass tube. The group of tubes 
was then pulled into a lead pipe and a mixture of grease 
and rosin put in under pressure. When the lead pipe 
bent, the glass broke but the wires were said to have been 
kept apart by the compound holding the glass in place. 

Overlapping the use of gutta-percha and Brooks cables 
came the introduction of cables insulated with rubber 
compounds and with cotton impregnated with paraffin. 
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Some of these were drawn into lead sheaths, while others 
dispensed with the lead sheath, using in its place cover- 
ings of water proof canvas or rubber tape. _ 

In 1882, Mr. Vail was General Manager of the Amer- 
ican Bell Telephone Company and his forward-reaching 
mind saw the necessity for investigating the feasibility 
of underground construction and seeking to overcome 
the difficulties, thereby brought about, in advance of the 
time when the growth of the business in the larger cities 
would require the wires to be placed beneath the streets. 
There were wide differences of opinion as to the extent of 
the transmission difficulties brought about by laying 
cables in the earth, and in order to obtain definite infor- 
mation on this point, Mr. Vail planned and caused to be 
carried out the first considerable experiment in placing 
wires underground, which was conducted, in 1882, by the 
American Company. Five miles of cable were laid in a 
trench between railroad tracks in Massachusetts. The 
trench was opened by means of a plow attached to a loco- 
motive. After the cable was placed, a plank projecting 
from a car, acted as a scraper to push the gravel back 
into the furrow and bury the cable. The results obtained 
from this experimental installation were far from en- 
couraging. Nevertheless, the work of placing wires 
underground went on and the following reference to it is 
made in the Annual Report of the Bell Company of 
March 28, 1883: 

“Tn the work of putting wires underground the 
progress has not been as satisfactory as could have 
been wished. Underground cables have been laid in 
iron pipes in Boston in two directions from the main 
office, one line being 1,200 feet and the other 1,485 
feet in length. Conversation is successful within short 
limits over these lines, but where they are used in 
connection with long lines—for instance those reach- 
ing to the suburbs—the voice becomes indistinct. 
Unless this difficulty can be removed, the connec- 
tion with points outside of Boston would be almost, 
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if not quite, useless to those whose wires were under- 
ground. With our present facilities for experiments 
we can readily test the value of such improvements 
as may appear, and we hope to get more definite 
results before long in this direction.” 


The note of cheerful optimism thus sounded in the 
face of discouraging results is characteristic of the refusal 
to acknowledge defeat that has sustained and stimulated 
our technical staff in overcoming difficulties that would 
have staggered less stout-hearted and persistent workers. 

A measure of the limited amount of cable in the early 
days is afforded by the statement, in 1887, by the General 
Manager of one of the largest Associated Companies, to 
the effect that ‘we believe it economical and desirable to 
have employees capable of doing all kinds of cable work, 
including joints and terminals, and have two men under 
instruction for that purpose.” 

While some use was made of twisted pairs in cables in 
the early eighties, not until about 1887 did it become clear 
that thereafter all cables should be manufactured on a 
metallic circuit basis. The use of metallic circuits fol- 
lowed the brilliant discovery of this principle by Mr. J. J. 
Carty, then a young man of 20, who first applied it, in 
1881, in the case of overhead wires on the Boston-Provy- 
idence line. 

As late as 1890, the entire amount of underground 
wire in ten of the principal cities of the United States was 
equivalent to less than 2144 days’ output of the Western 
Electric Company’s cable factory at the present rate of 
manufacture. 


DEVELOPMENT ANTICIPATES GROWTH OF SYSTEM 


By 1890, the production of trustworthy cable sheaths 
had reached a point where the use of cotton insulated, 
paraffin filled cables could safely be abandoned and the 
paper insulated, dry-core cable generally adopted. The 
use of paper insulation constituted an important advance 
in the telephone art. By 1892, the number of stations in 
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the Bell System had reached about 300,000, and the max- 
imum of 100 pairs, then obtainable in the so-called ‘‘Con- 
ference Standard”’ type of cable, was becoming insuffi- 
cient to satisfy the demands of the growing business. 
Cables with 150 pairs were speedily developed and 200 
pair cables followed shortly. Further progress was to 
come with a decrease in the size of the conductor. By 
1900, we had cables containing 300 and 400 pairs of No. 
22 gauge wires and, by 1902, six hundred pair cables were 
being introduced into service. _ 

At that time the Bell System was beginning to grow 
more rapidly than ever before. The year 1901 had wit- 
nessed the attainment of the first million subscribers’ 
stations. The two-million mark was reached in 1904; 
three million in 1906; and four million in 1908. The need 
for more wires in a cable was again foreseen but, for a 
long time our experts were baffled in accomplishing this 
without too great a sacrifice in the transmission efficiency 
of the cable and in its electrical strength. The solution 
of this problem was reached in the 900 pair No. 22 gauge 
cable in 1912. It was rendered possible by the develop- 
ment of methods quite different from those which had 
previously been empioyed in cable manufacture. The 
experience gained in the development of the 900 pair 
cable enabled the new methods to be applied to still 
smaller wires and, after considerable further experimenta- 
tion, it was found that 1200 pairs of No. 24 gauge wires 
could be made into a single cable. Concurrently with 
these developments came improvements in cables of No. 
19 gauge wires for which there still remained important 
fields of use where the transmission requirements pre- 
cluded the employment of the finer wire cables. In 1901, 
cables containing 300 pairs of No. 19 wires became avail- 
able and, about 1918, the development of 450 pair No. 19 
gauge cable was successfully accomplished. 

There have been hundreds of millions of dollars ex- 
pended for underground conduits and cables in the Bell 
System but, without these cable improvements, it would 
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have been necessary to multiply this sum many times to 
have afforded the facilities that are now available for the 
use of the public. Had these improvements not been 
made it is difficult to conceive how, in many places, the 
service could have reached its present magnitude. 


LOADED CABLES 


Loading was first applied, commercially, to circuits in 
a cable extending from Jamaica Plain to West Newton in 
the suburban district of Boston. The work was directed 
by General Staff engineers and the loaded circuits were 
placed in commercial service in May, 1900. In this in- 
stallation it was necessary to use air-core coils, as suitable 
iron core coils had not yet been developed. The problem 
of designing and producing coils of the iron core type 
engrossed the attention of a group of some of the most 
highly trained mathematical physicists of the General 
Staff during the years immediately following the discovery 
of the loading principle. While development work on 
loading coils has continued up to the present time, the 
early work was particularly strenuous due to the novelty 
of the problem and the importance of being able to take 
advantage of the economies of loading at the earliest 
practicable moment. It was not until 1901, however, 
that toroidal coils were made which were suitable for use 
on loaded lines. In 1902, the loading of a cable extend- 
ing from New York City to Newark, N. J., a distance of 
about 10 miles, was successfully accomplished. This was 
a No. 19 gauge cable containing 200 pairs, forty-nine of 
which were loaded at the outset. In the following year 
(1903), a 90 pair No. 16 B. & S. gauge loaded cable was 
installed between Boston and Brockton, a distance of 
about 20 miles. The notable thing about this cable was 
the use of staggered twists, consecutive pairs in each 
layer having twists of 5, 514 and 6 inches, respectively. 
This cable was found to be remarkably free from cross- 
talk and thereafter the staggering of the twists became 
the recognized standard practice. 
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These earliest examples of the use of loaded cables 
were quickly followed by the installation of many others, 
both for long interoffice trunks and for bringing open 
wire toll lines into cities. In New York loaded cables 
more than 15 miles in length replaced the famous West 
Street pole line. Cables for use with the longest open 
wire lines contained No. 13 B. & S. gauge conductors. In 
others, to meet less severe transmission requirements, 
No. 16 B. & S. gauge wires were used. A 90 pair, No. 16 
gauge loaded cable, 44 miles in length, was placed in 
1904 between Boston and Worcester. Soon, most of the 
largest cities had loaded cables, and additions were con- 
stantly being made. 

The development of loading unfolded the possibility 
of placing in cable important groups of circuits connect- 
ing large cities at considerable distances from each other. 
By 1905 there was working from New York, in the direc- 
tion of Philadelphia, a loaded cable 20 miles long. So 
rapidly was the art advancing that, in the following year, 
an underground loaded cable having No. 14 gauge wires 
was working successfully between these cities, a distance 
of 90 miles. The annual report of the A. T. & T. Co. for 
1913 briefly sums up the situation as follows: 

“By 1911 our experiments, researches and im- 
provements in manufacture had so advanced that 
we were enabled to design an underground cable, 
capable of giving a satisfactory conversation between 
Washington and Boston. 

“By 1912 a section of this new cable was laid 
from Washington to Philadelphia, there connecting 
with the earlier type of cable to New York. 

“During 1913 a section of the new cable was laid 
between New Haven and Providence, connecting 
at New Haven to an earlier type of cable extending 
to New York, and connecting at Providence to an 
earlier type extending to Boston. 

“While talking the entire distance from Boston 
to Washington was impossible through the old types, 
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yet by using the underground in connection with 
the overhead, the seaboard cities from Washington 
to Boston could be no longer isolated by storms de- 
stroying the overhead wires.” 


THe APPLICATION OF REPEATERS TO LOADED 
CrrcuIts IN CABLE 


The year 1913 marked the development of the repeater 
to a point where it could be applied to the several loaded 
cables forming the chain connecting Washington and 
Boston, and satisfactory talks were had over the entire 
distance of 455 miles wholly in cable despite the fact that 
47 per cent. of the total cable in the line was made up of 
types formerly suitable for short haul distances only. To 
the repeater, used in connection with loading, is due the 
extraordinary increase in the distance over which it is 
now possible to talk using circuits entirely in cable. 

One of the characteristics of circuits in cable, if not 
properly loaded, is that they will cause increased attenua- 
tion in the voice current as the frequency rises. Due to 
this difference in the attenuation for different frequencies, 
speech may be rendered difficult to understand although 
the transmission may be loud enough for conversation 
to be carried on. Even though a sufficient number of 
repeaters were used in connection with a long non-loaded 
cable to give the desired degree of loudness at the receiv- 
ing end, conversation would be difficult, for the reason 
that the higher speech frequencies would become more 
attenuated than the lower speech frequencies, and the 
repeaters would faithfully reproduce, with added volume, 
the speech distortion thereby brought about. The effect 
of loading is to bring about uniformity of attenuation for 
all frequencies within a range essential to preserve the 
characteristics of the voice. Thus it becomes possible to 
amplify over and over again the attenuated currents 
transmitted over properly loaded cables without appreci- 
able sacrifice in the intelligibility of the speech. By the 
use of attenuation equalizers with repeaters, the speech 
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distortion could likewise be avoided, but, under ordinary 
conditions, the use of loading coils enables the desired 
results to be secured much more economically. 

During 1921, a cable reaching from Harrisburg to 
Philadelphia, where it is available for connection with the 
Boston-Washington cable, was extended from Harrisburg 
to Pittsburgh. Plans are completed and work is already 
underway for extending this cable from Pittsburgh to 
Chicago. Improvements recently accomplished render 
it possible to talk over wires in cables 3,000 miles in 
length using conductors weighing but 80 pounds to the 
mile. 

At the present time, in comparatively few parts of 
the country are the numbers of circuits along the same 
route sufficient to justify these special forms of cable. 
Although long continuous cables can, by means of load- 
ing and repeaters, be brought to a high efficiency, every 
effort still has to be made to keep long open-wire lines 
free from cable on account of the reactions on repeater 
operation of the electrical irregularities that would there- 
by be introduced. 

To accomplish the successful use of repeaters a vast 
amount of work has been required in addition to the devel- 
opment of the repeating element itself. Electrical ap- 
paratus of a most refined and delicate nature and the 
complex circuits in which this apparatus is used have had 
to be invented and designed, and important changes have 
been required in many portions of the plant. Every step 
in the advance has been marked by patient research re- 
quiring electrical and mathematical knowledge and train- 
ing of the highest order. 


QUADDED CABLES 


Following the discovery of the phantom circuit prin- 
ciple, about 1884, much work was directed toward apply- 
ing the principle practically, both to open wires and to 
cables. Little success, however, was had in obtaining 
the extremely delicate and exact balances that were re- 
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quired both in the apparatus and in the lines themselves. 
The electrical properties of the circuits were not suffi- 
ciently well understood to enable the desired results to 
be attained and, for many years, phantoming remained 
scarcely more than an interesting scientific curiosity. As 
early as 1898, some experimental cable had contained a 
few wires spiralled in groups of fours, with the hope of 
obtaining workable phantom circuits. A cable extend- 
ing between the Franklin and John Street offices in New 
York City contained three “quads” of No. 19 B. & S. 
gauge wires laid up in spiralled fours, all with the same 
rate of twist. The balance of the cable contained 115 
pairs of No. 19 wires. So far as the phantom groups 
were concerned, cross-talk was so severe that they could 
not be used commercially. It was not until about 1904 
that closed magnetic circuit phantom coils were designed 
and constructed having sufficiently accurate electrical 
balance to enable open wire circuits to be wholly success- 
fully phantomed. The engineers of the General Staff, 
appreciating the desirability of phantoming circuits in 
cables, both to enable phantomed open wire lines to be 
brought into cities in phantomed cable and to attain the 
economies of phantoming in inter-city cables, addressed 
themselves to the problem of developing a practicable 
type of cable that would admit of phantoming. 

A large amount of preliminary work was done to de- 
termine whether a phantom group of four wires should 
be spiralled or whether the wires should be twisted to- 
gether in pairs, two by two, and the two resulting pairs 
twisted together. The cable which resulted from these 
early efforts gave so great mutual interference between 
each phantom and its side circuits as to prevent the use 
of such cable in commercial service, especially when the 
side circuits were equipped with loading coils. 

The problem was attacked from two standpoints: 
first, to produce cable having the high degree of symmetry 
and electrical balance required to prevent mutual inter- 
ference; second, to determine whether cables, insuffi- 
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ciently well balanced as they left the factory, could be 
installed in such a manner as to give satisfactory results. 

It was in 1910 that the General Staff engineers pro- 
duced the first practical loaded ‘‘quadded” cable by 
specially twisting together two pairs of wires to form 
what is now termed a “quad”. This cable was installed 
between Boston and Neponset, a distance of about six 
miles. While the manufacturing processes employed in 
this cable were refined in many ways, the cable, as it 
left the factory, was not sufficiently well balanced to 
permit good phantom operation. After installing the 
cable, and before splicing it, the individual circuits were 
carefully measured for electrical balance. With the 
information afforded by these tests, the circuits to be 
spliced together were so selected that unbalances would 
be neutralized in adjacent cable lengths, thus producing 
a high degree of balance in the cable as a whole. 

The results obtained were utilized in the cable placed 
in 1911 between Philadelphia and Washington, and since 
that time, every important inter-city cable has been so 
arranged as to permit of phantom operation. 

The arrangement was, however, not wholly satis- 
factory, as the electrical balance was interfered with 
when cable lengths had to be replaced in the event of 
injury. It was found to be undesirable to rely so largely 
on this balancing during installation, and means were 
sought to enable the cables to be better balanced when 
they left the factory. This was finally accomplished 
after continuous effort extending over a period of about 
four years. Every part of the manufacturing process 
was refined further, until the unbalances existing in the 
individual lengths of cable were reduced to about one- 
quarter of what occurred when the development work 
started. These improvements not only have made it 
possible greatly to reduce the amount of special work 
during installation but also they have resulted in improved 
transmission efficiency and have enabled the number of 
pairs in a sheath of given size to be increased. Quadded 
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cables are now being used extensively by the Associated 
Companies and in the Long Lines plant and their use is 
increasing every year. The Boston-Washington cable 
contains seven quads of No. 10 gauge wires and eigl.teen 
quads of No. 13 gauge wires. In the interstices are 
placed six pairs of No. 13 and eighteen pairs of No. 16 
gauge wires. The cable, therefore, provides 74 physical 
talking circuits and 25 phantom talking circuits, a total 
of 99. Advances in the art of loading have made it pos- 
sible to load the phantom circuits as well as the side cir- 
cuits in quadded cables. 


ANTIMONY SHEATH 


The sheaths of the cables used in the Bell System 
from an early date contained about three per cent. of tin 
alloyed with the lead. This alloy is considerably higher 
in breaking strength than unalloyed lead. The alloy, 
furthermore, proved beneficial, in underground cables, in 
reducing corrosion of the sheath from chemical causes. 
In aerial cables the alloy has been particularly important 
in practically overcoming the crystallizing and cracking 
of the sheath, which is liable to occur where unalloyed 
lead is used. About 1907, development work was under- 
taken looking to the discovery of a new alloy that should 
be at least as satisfactory as the lead-tin alloy and less 
expensive. Laboratory experiments and field trials were 
carried on over a period of four or five years covering a 
wide range of alloys. Consideration was given to the 
admixture, with lead, of antimony, tin, bismuth, nickel 
and copper in binary and ternary alloys of different pro- 
portions. Specimens were tested for tensile strength, 
and for ability to withstand bending, vibration and 
chemical corrosion under exposure to many reagents. 
Full size cables, with their sheaths made from different 
alloys, were repeatedly pulled in and out of ducts and 
their behavior, in comparison with sheaths of the then 
existing standard material, was noted. Other test cables 
were installed on bridges and elevated railway structures 
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in order that their ability to withstand continued vibra- 
tion might be observed. The work resulted in the adop- 
tion of a new alloy consisting of about one per cent. of 
antimony alloyed with the lead. This was adopted for 
underground cables early in 1912, and for aerial cables 
about a year later. By means of this alloy more than 
five million dollars has already been saved in the first 
cost of cables in the Bell System. 


CONCLUSION 


One of the interesting points in connection with our 
cable development is that it has been closely connected 
with the constantly increasing knowledge of the theory 
of alternating current transmission. Not until the phe- 
nomena associated with the transmission of electrical 
waves over conductors were well understood, was the 
discovery and development of the loading principle 
rendered possible. 

Many experiments had been conducted introducing 
inductance in telephone circuits but not enough was 
known to appreciate that the spacing of the coils in rela- 
tion to the length of the electrical waves was the key to 
the solution. The repeater and the circuits in which it 
is used could not be made available until further advances 
in electrical knowledge had been made. The dependence 
of improvements in the electrical arts upon researches in 
the underlying fundamental theory is thus clearly in- 
dicated. Much important work in this field has been 
done by engineers of the General Staff. 

Another point to be noted is the progress made in late 
years as the result of organized development and re- 
search. Our most important recent improvements can- 
not be credited to individual workers. Literally hun- 
dreds of engineers and scientists have been engaged on 
these problems, portions of the work being assigned to 
each. It has been a case of team work rather than of 
individual plays and it is by such methods that the 
advances which the future holds in store will be made. 
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Nature is reticent in revealing her secrets and organized 
effort is becoming more and more necessary to force her 
to disclose them. 

F. L. Ropes. 
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Europe’s Changing Attitude Toward 


Government Telephones 


OST telephone men are probably familiar with 
M the fact that in the principal European coun- 

tries the telephone services are wholly or largely 
owned and operated by the respective governments, and 
that up to the close of the World War there was a tendency 
in Europe toward extending public ownership of the tele- 
phone systems to include those still in the hands of 
private companies. It is probably not so well known, 
however, that a rather significant change in public and 
official sentiment regarding government ownership and 
operation of the telephone service has become manifest 
in various parts of Europe since the war. 


THE Earty TrREND TowarD GOVERNMENT 
OwNERSHIP 


At the time when the telephone was introduced, the 
telegraph system was already a government monopoly in 
practically every European country, and the telegraph 
officials were prone to look upon the new method of 
communication as a potential competitor to be discour- 
aged, rather than as a public service to be developed. 
Unwilling themselves to undertake the risks of launching 
a new enterprise, the government telegraph departments 
generally permitted the pioneer work of introducing the 
telephone to be done by private companies under more or 
less onerous restrictive licenses. When, however, the 
possibilities of the telephone began to be apparent, most 
of Continental governments proceeded to acquire the 
privately owned telephone systems, and the telephone 
was thereafter generally operated as an adjunct of the 
government telegraph department, and frequently in 
conjunction with the postal service. A desire to secure 
complete control of all means of communication as a 
measure of military preparedness was undoubtedly a 
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strong and in some cases the dominant reason for the 
establishment of government ownership of the telephone, 
as well as the telegraph, in most of the important coun- 
tries of Continental Europe. 

In England the military motive was not so prominent, 
and the movement from private to public ownership of 
the telephone system was slower than on the Continent. 
As early as 1880 the British courts held that a telephone 
system was a telegraph system within the meaning of the 
Acts of Parliament making the telegraph a monopoly 
of the Postmaster-General; and thereupon licenses were 
granted by the Post Office to a number of private tele- 
phone companies which ultimately consolidated into a 
single corporation. In 1896, however, the Post Office 
purchased the long distance lines, and thereafter the 
private company was restricted to the operation of local 
exchanges. In 1902 the Post Office also opened local 
exchanges in London, connecting with the company’s 
system; and on December 31, 1911, upon the expiration 
of the company’s license, the Post Office purchased its 
entire telephone properties. With the exception of three 
small municipal systems, all the telephones of Great 
Britain are now operated by the British Government 
through the Post Office. 

To the influence of public ownership can undoubtedly 
be attributed at least a substantial part of the striking 
difference between telephone development in Europe 
where, generally speaking, government ownership pre- 
vails, and in the United States under private enterprise. 
Some detailed statistical comparisons in this regard were 
given in a recent article in the Bett TELEPHONE QUAR- 
TERLY.* Of all the telephones in the world 64% are 
in the United States, while Europe with a population 
more than four times that of this country has only 25% 
of the world’s telephones. There are, in fact, over 13 
telephones for every 100 people in the United States, 


* World’s Telephone Statistics, by 8. L. Andrew, Bell Telephone Quarterly, 
October, 1922, page 45. 
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as compared with less than 1.5 for each 100 of population 
in Europe. It is significant that the highest number of 
telephones relative to population in Europe is found in 
countries in which the service has been developed prin- 
cipally by private enterprise. In Sweden, for example, 
where the service was largely developed by the Stockholm 
Telephone Company, whose properties were taken over 
by the Swedish Government only in 1918, there are about 
7 telephones for every 100 people; and in Denmark, where 
all local telephone service is still under private owner- 
ship, there are 8 telephones per 100 of population. 


TELEPHONE PROBLEMS AFTER THE WAR 


The war left telephone systems the world over, whether 
publicly or privately owned, confronting problems of the 
greatest difficulty. The annual report of the directors of 
the American Telephone and Telegraph Company for 
1919 sums up the situation in the United States: 


“During the war the restriction on the use of capital and 
material, coupled with the unprecedented demand for service, 
compelled us in some places to exhaust our plant margins and 
left us at the beginning of 1919 with an actual shortage of plant 
to meet the then demands. ...... 

“We lost heavily during the war in men and women trained 
for our work and in young men in the minor supervisory posi- 
tions. Handicapped by this lack of plant and of employees, 
especially supervisory officials, we entered upon the year of the 
greatest demands upon us.” 


Similar difficulties were encountered by the British 
telephone service. Sir Evelyn Murray, K. C. B., Secre- 
tary to the Post Office, testifying before a Select Com- 
mittee of the House of Commons, appointed in 1921 to 
investigate the telephone service, declared that 


“throughout the whole of the war period the normal and 
abnormal demands on plant continued, and gradually exhausted 
what spare plant we had got. Moreover, about 13,000 out of the 
20,000 men in the engineering department joined the army, and 
consequently the maintenance of the plant had to be let down, 
and renewals had to be deferred except where they were abso- 
lutely essential. . . . At the beginning of 1919, as a result of 
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the war, the efficiency of the plant was very much below the 
proper standard, . . . and in about three-quarters of the towns 
of the country either the exchange accommodation, or the under- 
ground plant, or both, were exhausted and new subscribers 
could not be connected with the system until it had been ex- 
tended.” * 


On the Continent these difficulties were, of course, 
greatly intensified. Not only were plant supplies ex- 
tremely difficult to obtain, but the trained telephone 
personnel had, even in the neutral countries, been de- 
pleted by outside employment; and the telephone, as a 
business peculiarly dependent on personal service, was 
especially affected by the general lowering of morale 
which followed the war. Moreover, telephone financing 
presented an embarrassing problem to governments 
burdened with heavy war debts and inflated currencies. 
As late as the summer of 1921 a “revolt” of telephone 
users in Czecho-Slovakia was reported, owing to the 
passage of a law requiring every subscriber to the gov- 
ernment telephones to purchase at least 6,000 kronen 
(then about $78) worth of government bonds—the pro- 
ceeds to be used in improving the telephone system— 
with loss of telephone service as the penalty for failure 
to buy the full quota of bonds. 


THe Drirt In SENTIMENT AWAY FROM PUBLIC 
OWNERSHIP 


Since the sale of the properties of the Stockholm 
Telephone Company to the Swedish Government in July, 
1918, no important privately owned telephone system in 
Europe has passed into government ownership. Indeed, 
public opinion in several of the principal countries of 
Europe has, since the close of the war, shown a marked 
tendency to break away from the traditional European 
view which regarded the administration of the telephone 
service as an ordinary governmental function. The 
difficulties confronting telephone managements during 
the post-war period have given rise to a growing popular 


* Report from the Select Committee on the Telephone Service, 1921, page 2. 
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belief that private enterprise is better fitted than govern- 
mental administration to meet the complex problems of 
telephone extension and operation. This reversal of 
previous trends is perhaps the most significant develop- 
ment of recent years in the field of European telephony. 

In England the Post Office telephone service has been 
the subject of severe criticism, both in the press and at 
public meetings of telephone users, trade bodies, and civic 
associations, almost from the time when the Post Office 
first took over the properties of the private company. 
Since the war there have been repeated suggestions that 
the telephone system be sold to a corporation, in the 
interests of better service and extended development. 
In criticism of their telephone service Englishmen have 
made free use of the traditional British methods for airing 
grievances: letters have been written to the Times, and 
questions have been asked in the House of Commons. 
Answering such a question in Parliament at a time when 
post-war difficulties were perhaps at a maximum, Mr. 
Bonar Law declared that the government still refused to 
entertain the idea of retransferring the telephones to 
private enterprise. This called forth some sharp com- 
ment in the press, and one financial paper went so far as 
to canvass the possibilities of raising capital for the forma- 
tion of a company to purchase the London telephone 
system outright; but the government has thus far adhered 
to its decision not to sell. A Parliamentary Select 
Committee was appointed, however, in 1921 to investi- 
gate the telephone administration; and although it 
reported that it was not within the terms of its reference 
to consider the restoration of the telephone service to 
private enterprise, “for which practically all United 
States authorities claim advantages,’’* the Committee 
nevertheless raised the question whether in sparsely 
populated agricultural districts the Post Office should not 
delegate a certain amount of responsibility for telephone 
development to the subscribers themselves. The report 

* Report from the Select Committee on the Telephone Service, 1922, page 9. 
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called attention to the existence of hundreds of small 
rural telephone companies in the United States and 
Canada, and expressed the opinion that a great deal might 
be done in the country districts of Great Britain to 
stimulate co-operative effort along similar lines. 


REcENT FRENCH PROPOSALS 


In France, although the telephone service has been 
a government monopoly since 1889, the movement for a 
return to private ownership has made greater progress 
than in England. In the fall of 1921, M. Deschamps, 
who had himself at one time been Minister of Posts, 
Telegraphs and Telephones, introduced in the French 
Parliament a bill, signed by 290 members of the Chamber 
of Deputies, instructing the Department of Posts, Tele- 
graphs and Telephones to present within three months 
a plan for the restoration of the government telephone 
system to private ownership. M. Paul Laffont, the then 
Minister of Posts, Telegraphs and Telephones, there- 
upon offered a bill to remedy the defects of the existing 
system, while retaining the monopoly; and M. Deschamps, 
after appearing before the Parliamentary Committee on 
Public Works, withdrew his proposal. Complaints re- 
garding the quality of the government telephone service 
continued to pour in, however, and in the spring of 1922 
a bill for the improvement and extension of the telephone 
system was introduced in the Chamber of Deputies, and 
referred to its Committee on Public Works and Means of 
Communication. The committee made an examination 
of telephone conditions not only in France, but in several 
other countries as well, and in July, 1922, submitted to 
the Chamber of Deputies a report calling attention em- 
phatically, though briefly, to the inferiority of the French 
telephone service when compared with the service in 
Denmark and Sweden and, especially, in the United 
States. This inferiority the Committee attributed prim- 
arily to inherent defects in the administrative organization 
of the service by the French Government, as contrasted 
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with the effective organization which obtains in the 
United States, where the report described the manage- 
ment of the telephone system as being in the hands of 
technically qualified specialists imbued with the com- 
mercial spirit, which results in constant search for im- 
provements whereby telephone users may be given a 
more and more satisfactory service. For the purpose of 
improving the administrative organization of the tele- 
phone service in France, the committee recommended 
that the government be authorized to delegate the oper- 
ation of local service to private companies, at least 
experimentally. Nevertheless, despite the report of its 
committee, the Chamber of Deputies, on December 23, 
1922, defeated an amendment to the budget, proposed 
by Deputy Jean Lambert, authorizing the government 
to dispose of all or part of its telephone system to private 
companies. The matter, however, has probably not 
been permanently settled in France; and in view of popu- 
lar dissatisfaction with the government telephone service, 
and of the pending plan for the transfer of the state rail- 
roads to private companies, further proposals for the 
restoration of the French telephones to private opera- 
tion are likely to be brought forward at any time. Indeed, 
it is reported that the French Government has within 
the last few months entered into a contract whereby a 
private company is to receive an exclusive franchise for 
20 years to operate coin-box telephones in booths through- 
out the country. 


New Pouicy In ITAty 


Although in England and France the proposal that 
the government telephone systems be sold to private 
companies has not yet progressed beyond the stage of 
popular and Parliamentary discussion, in Italy it has 
been made a definite part of the government’s policy. 
From the very beginning of the Fascisti movement one 
of the cardinal planks in Signor Mussolini’s platform 
has been the gradual abolition of government ownership 
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of business enterprises; and among the first official 
declarations of his government was a statement that the 
publicly owned utilities, including the telephones, would 
be turned over to private companies, in order to relieve the 
government from the deficits incurred in their operation. 

A committee representing the Ministries of Posts, 
Telegraphs and Telephones, Public Works and the 
Treasury, has for some months been considering appli- 
cations for telephone concessions. The terms on which 
such concessions will be granted are set forth in some 
detail in a statement made public a few weeks ago by 
the Minister of Posts, Telegraphs and Telephones. 
This statement declares that, on assuming office, the 
present government found many districts without tele- 
phone facilities, and that elsewhere the equipment was 
inadequate and the service unsatisfactory. This con- 
dition, the government concluded, could only be remedied 
by a return to private enterprise, since any other course 
would augment the existing deficits in the national 
budget. Accordingly the decree organizing the telephone 
service authorizes the government to transfer the opera- 
tion of the telephones, and perhaps the ownership of 
certain systems, to private companies or individuals, 
under concessions with an indeterminate duration, but 
for not less than 25 years. Provision is made for the 
government to receive either cash or stock in payment 
for the telephone equipment sold, and an annual rent is 
to be paid by the operating company to the state equal 
to not less than 5% of the gross profits, plus a part of any 
net profits over and above 7%. The statement of the 
Minister of Posts, Telegraphs and Telephones indicates 
that the authorities have not yet decided whether to turn 
over the entire telephone service of the country to one 
concern, or to divide it among a number of local companies 
to be associated in a single system. 

Banks and prominent industrial interests are, how- 
ever, urging the early transfer of the telephone system, 
particularly in the industrial centers such as Milan, 
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Genoa and Turin, to private operation; and it is reported 
that definitive action may be expected as soon as some 
of the government’s more pressing problems have been 
solved, and as soon as it has been decided whether provi- 
sion should be made for the employment elsewhere of 
the surplus telephone personnel now on the government 
payroll. 

Greece, like Italy, has apparently reached a definite 
decision to transfer her governmentally owned telephone 
system to private ownership, and the government has 
invited proposals from foreign companies for the modern- 
ization, extension and operation of the Greek telephone 
service, which has been a government monopoly for 
many years. Poland, too, has provided for a privately 
owned telephone system in her principal cities, to be 
operated by a company in which the Polish Government 
is to have only a minority interest. In Spain, where 
private telephone concessions in several cities have 
recently expired by limitation, the companies have con- 
tinued to operate on sufferance without franchises. The 
government has apparently not yet adopted any definite 
policy; and despite reports that government ownership 
would be put into effect, the authorities have recently 
been negotiating for operation of the telephones under 
proposed new franchises to be granted to private con- 
cerns. Even the Russian Soviet Government is reported 
to have granted concessions to a private company for 
the operation of telephone systems in Moscow, Petrograd 
and other cities. 


REASONS FOR THE CHANGE IN SENTIMENT 


The reasons for this well defined reversal during the 
past few years of the trend toward government owner- 
ship of telephones, which was in evidence in Europe 
before the war, are not far to seek. Widespread dis- 
satisfaction with the service rendered by the government 
owned telephone systems of Europe was manifest for 
many years prior to the war, and official and unofficial 
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investigations of telephone conditions were frequent. 
Even then European critics of the telephone service in 
their own countries were referring in highly compli- 
mentary terms to the telephone facilities furnished under 
private ownership in the United States. It was the 
difficulties resulting from the war, however, which brought 
matters to a head. Recurring deficits from the operation 
of the telephones, which before the war could be more or 
less easily made up out of general taxation, became a 
serious matter for States burdened by heavy war debts 
and inflated currencies. The financing of extensions of 
the telephone systems became a grave problem. More- 
over, it is a peculiar weakness of government depart- 
ments in all countries that they are not adaptable to 
new or emergency conditions. They inevitably tend to 
become static, while the telephone is a business which 
requires a dynamic administration. The extraordinary 
shortages of material and of trained personnel which 
followed the war, almost everywhere coincided with 
greatly increased demands for telephone facilities due to 
the accumulated shortage of new installations which was 
carried over from the war years. It required tremendous 
personal effort all along the line in every telephone organ- 
ization to overcome these difficulties. Even under the 
stimulus of efficient corporate management it could only 
be done by months of untiring work, and by constant 
application of all the energy and initiative at the com- 
mand of telephone executives. In cases in which tele- 
phone service had for years been administered under a 
more or less rigid governmental routine, necessarily tend- 
ing to hamper the exercise of initiative and to discourage 
the ambitions of the personnel, it is not surprising that 
the extraordinary difficulties of the post-war period ap- 
peared well-nigh insurmountable. This more than any 
other single factor probably accounts for the growing 
sentiment in Europe in favor of private ownership and 
operation of telephone properties. 
R. 8. Cos. 
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The Second National Radio Conference 


HE Second National Radio Conference called by 

Mr. Hoover, met at the Department of Commerce 

in Washington, Tuesday, March 20, 1923. The 
members of the conference were as follows: 


Mas. Gen. Georce O. Squier, War Department, 

Com. D. C. Binauam, U.S. N., Navy Department, 

W. A. Wuee er, Department of Agriculture, 

Joun W. SuTHERIN, Post Office Department, 

F. P. Guturiz, United States Shipping Board, 

Epwin H. Armstronea, Columbia University, New York, 

Dr. AtFrep N. Goupsmitn, Secretary, Institute of Radio 
Engineers, 

Pror. L. A. Haze.ting, Stevens Institute of Technology, 

Joun V. L. Hogan, Consulting Radio Engineer, New York, 

C. B. Cooper, National Radio Chamber of Commerce, N. Y., 

Hrram Percy Maxim, President, American Radio Relay League, 

Pror. C. M. Janskxy, University of Minnesota, 

A. H. Griswoip, American Telephone and Telegraph Company, 

Leo Fitzpatrick, Radio Editor, Kansas City Séar, 

D. B. Carson, Department of Commerce, Bureau of Navigation, 

W. D. Trerreti, Department of Commerce, Bureau of Naviga- 
tion, 

J. H. DeLuincEr, Department of Commerce, Bureau of Standards, 

L. E. Wuitrremore, Department of Commerce, Bureau of 
Standards, 

W. Heatu, Representative of the Treasury Department. 


Mr. Hoover in an opening address stated in effect that 
due to the failure of Congress to pass the White Radio 
Bill, he had called this conference in order that he and 
the Department of Commerce might have the benefit of 
the advice of those qualified in the art and interested in 
the industry, to the end that he might formulate and put 
into effect such new rules and regulations as were con- 
sistent with the advancement in the art and as were 
possible under the existing laws. 

The meetings on Tuesday and Wednesday were de- 
voted largely to open hearings to which the general 
public was invited. Thursday, Friday and Saturday 
were devoted to executive sessions. 
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The keynote of the conference was broadcasting with 
the particular thought in mind that interference must be 
minimized. Considerable discussion was had with refer- 
ence to the opening up of wave lengths from 600 to 1,600 
meters and placing in this range some of the broadcasting 
services. The conference, however, agreed that it was not 
wise to go above 600 meters with broadcasting, since very 
few of the existing receiving sets will receive wave lengths 
longer than 600 meters and also, since it seemed undesir- 
able to have other services interspersed between the 
various broadcasting services. It was agreed that it was 
desirable that all broadcasting be in the range under 600 
meters, and if possible, that it be in a solid block of 
wave lengths. 

In order to accomplish this, it was necessary to 
eliminate some amateur, commercial and government 
use of wave lengths below 600 meters. This was done by 
giving the amateurs the range below 222 meters down to 
150 meters and by placing in the range above 600 meters 
the government and commercial services now in the 
range below 600 meters. In this manner wave lengths 
from 222 meters to 545 meters were provided solely for 
broadcasting with the important exception of the 300- 
meter international ship-telegraph wave length, on which 
traffic is to be minimized as much as possible. 

The present 450-meter ship-telegraph wave length is 
not an international assignment and it was agreed that 
traffic on this wave length would be discontinued as 
rapidly as possible. For the present no traffic is to be 
handled on this wave length between the hours of 7 P.M. 
and 11 P.M., which is the most important broadcasting 
period. 

In the range assigned to broadcasting, the higher 
power Class A broadcasting stations are to take the band 
from 288 to 545 meters, in which band there are fifty 
telephone broadcasting channels 10,000 cycles apart. 
The United States was divided into five zones and pro- 
vision was made for ten of these Class A channels in each 
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zone. The ten channels within each zone are so assigned 
that they are separated by 50,000 cycles. The separation 
of channels between contiguous zones is 20,000 cycles, and 
as previously stated, all channels are at least 10,000 cycles 
apart and no wave length is repeated throughout the 
country. These Class A wave lengths have been tenta- 
tively assigned to the principal localities within each zone 
so that Class A stations located at these points will 
comprehensively cover the entire United States. 

The Metropolitan area of New York will have four 
Class A wave lengths, Chicago will have three and San 
Francisco, two; all other localities will have one each and 
if more than one Class A station is erected at any of the 
points where only a single wave length is provided, the 
time must be divided as only one of them will be per- 
mitted to operate at one time. By this arrangement the 
man-made interference in the higher class broadcasting 
in the country should be largely eliminated, and theo- 
retically, under proper operation, one will be able to 
select any one of the 50 Class A localities within his range 
and exclude all other stations. It was generally agreed 
that all Class A stations should adhere to certain stand- 
ards of quality and should have a power not less than 500 
watts input. No upper limit, however, was provided 
and it seems reasonable to assume that inasmuch as each 
Class A station will be able to operate without inter- 
ference from other broadcasting stations, the power of 
such Class A stations should be considerably increased 
to overcome natural interference. This will be decidedly 
in the interests of the radio listener. 

All stations under 500 watts are to be known as Class 
B stations and a block of wave lengths between 222 
meters and 286 meters is provided for such stations. In 
this block there are about 35 channels 10,000 cycles apart. 
For the lower power Class B stations it will be possible to 
reuse many of the wave lengths a considerable number of 
times and it is understood that the Department of Com- 
merce will lay out a proper staggering and zoning scheme 
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for the Class B broadcasting services similar to that 
established for the Class A broadcasting services. 
The effect of the new broadcasting plan should be— 


1. A great reduction in interference. 

2. An extension of the desirable range of the listener. 

3. The ability to select a much larger variety of programs. 

4. To limit the promiscuous establishment of new broadcasting 
stations. 

5. To discourage the continued operation of inferior existing 
stations. 


On the whole, with the proposed plan in effect, renewed 
enthusiasm in radio broadcasting ought to result. 

In the Report of the Conference, the way is left open 
to take care of small marine craft such as tugboats in 
harbors in the range under 130 meters. Also, provision 
is made for one two-way channel of ship-to-shore radio 
telephone communication in the range between 800 and 
1,277 meters. While this reservation for ship-to-shore 
telephone communication may result in some interfer- 
ence from other marine services, the conference repre- 
sentatives having to do with these marine services indi- 
cated that they would do what they could in minimizing 
such interference. 

It is an interesting fact that except for essential 
mobile services such as ships and aircraft, the conference 
made no provision for point-to-point radio telephone 
communication. 

The Report of the Conference which includes the 
above plans, proposes a decided forward step in clarifying 
the radio situation, particularly with reference to broad- 
casting, and recommends that the Secretary of Commerce 
put the recommendations into effect without delay. Mr. 
Hoover indicated his desire to do everything possible to 
clear up the radio situation and stated that he would 
recommend supplementing, if necessary, existing legisla- 
tion with an Executive Order. 


A. H. Griswo.p. 
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Abstracts of Recent Technical Papers 
from Bell System Sources 


Extraordinary Diffraction of X-Rays,' by L. W. Me- 
Keehan. Crystals containing elements whose charac- 
teristic X-Ray spectra can be excited by the monochro- 
matic incident X-rays used in the powder method of 
crystal analysis give diffraction effects not completely 
explained by the usual theories. The surplus diffraction 
spots are, however, explained, qualitatively at least, by 
assuming that the incident radiation contains regularly 
spaced trains of singularities (waves) each capable of 
initiating characteristic secondary X-rays, naturally 
always of greater wave-lengths than the corresponding 
primary X-rays, from the atoms of the crystal. It 
must, further, be assumed that the relations in time and 
phase between the primary and secondary waves are 
the same at all emitting centers. The angle of deviation 
of the diffracted rays of characteristic type is found to 
depend upon two wave-lengths instead of one and can 
assume values impossible to non-characteristic rays dif- 
fracted by the same crystal. The analysis is given for 
a simple type of crystal analogous to those with which 
the new effects were observed, and emphasis is laid upon 
the differences between what it is proposed to call ‘“ex- 
traordinary diffraction” and the previously recognized, 
or ordinary, diffraction effects. 

The Crystal Structure of Bismuth? by L. W. McKeehan. 
The crystal structure of bismuth has been reported 
previously, but in view of the peculiar electromagnetic 
properties of this metal it seemed advisable to check the 
proposed arrangements by the powder method of X-ray 
crystal analysis. The detail of the method was new in 
employing relatively large crystals and comparing the 
frequency distribution of the spots on the photograph 


‘Journal of the Optical Society of America, Vol. 6, pp. 989-997, December, 
1923. 


*Journal of the Franklin Institute, Vol. 195, pp. 59-66, January, 1923. 
[121] 











Bell Telephone Quarterly 





with the distribution to be expected with the proposed 
arrangement. This is convenient for complicated struc- 
tures like that of bismuth, because the number of pos- 
sible diffraction maxima within the range of the photo- 
graphic film is so great that a finely powdered sample 
gives very little intensity in any one of them. It is 
concluded that the evidence is in favor of a structure 
based on two interpenetrating rhombohedral space lat- 
tices, the unit cell in each being a rhombohedron 6.546 
x10~* cm. on each edge and with an acute face-angle 
equal to 57°—16’, the two lattices being separated along 
the trigonal axis, the principal body-diagonal of the 
rhombohedron, by 0.474+0.003 of its length. 

Specializing Transportation Equipment in Order to 
Adapt it Most Economically to Telephone Construction and 
Maintenance Work, by J. N. Kirk. This paper describes 
the application of motor vehicles and their associated 
apparatus to outside plant construction and maintenance 
work. The development and the stages of such equip- 
ment are portrayed beginning with the horse and buggy 
and progressing up to the modern heavy truck carrying 
specialized locker compartments, racks, and winding 
winches. The design of all transportation equipment 
has been carefully considered with a view to saving the 
time of construction gangs and increasing the safety of 
conditions under which they work. A curve is shown 
on the growth of the motor vehicle fleet in the Bell Sys- 
tem from 1904 to the present time. This fleet now 
numbers over 8,000 vehicles. 

Telephone Transmission Over Long Cable Circuits,‘ by 
A. B. Clark. The application of telephone repeaters has 
made it possible to use small gauge cable circuits to 
handle long distance telephone service over distances up 
to and exceeding 1,000 miles. 

Many of the circuits in these toll cables are so long 
electrically that a number of effects, which are com- 


‘Bell System Technical Journal—January , 1923. 
«Journal of the A. I. E. E., January, 1923, and Bell System Technical Journal— 
January, 1923. 
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paratively unimportant in ordinary telephone circuits, 
become of large and sometimes controlling importance. 
For example, the time required for voice energy to 
traverse the circuits becomes very appreciable so that 
reflections of the energy may produce “echo” effects 
very similar to echoes of sound. The behavior of the 
circuits under transient impulses, even when two-way 
operation is not involved so that “echoes” are not ex- 
perienced, is very important. In order to keep within 
proper limits of variation of efficiency with frequency 
over the telephone range special corrective measures are 
necessary. Owing to the small sizes of the conductors, 
the attenuations in the longer circuits are very large. 
Special methods are, therefore, required to maintain the 
necessary stability of the transmission, including auto- 
matic means for adjustment of the repeater gains to com- 
pensate for changes in the resistance of the conductors 
caused by temperature changes. 

Theory and Design of Uniform and Composite Elec- 
tric Wave-filters,s by Otto J. Zobel. This paper presents 
general methods of wave filter design together with 
representative designs which have been developed in 
connection with the utilization of this device in the plant 
of the Bell System. The paper gives first a general 
theory of design by means of which may be explicitly 
determined the structure of a uniform type of wave 
filter having any preassigned transmitting and attenuat- 
ing bands as well as desirable impedance and wide ar- 
bitrary constants. This theory is then applied to the 
design of a low-and-band-pass wave filter from which are 
derived design formulas for all the uniform wave filter 
structures in present use. 

The subject of composite wave filters is also taken up, 
these being known as uniform wave filter networks 
obtained by combining sections of filters having equiva- 
lent characteristic impedances but different propagation 
constants. Among others, a superior advantage of the 

‘Bell System Technical Journal—January, 1923. 


[123] 











Bell Telephone Quarterly 





composite over the uniform wave filter is its greater 
flexibility of design as a result of which composite filters 
are often the only means of meeting severe design re- 
quirements. 

Probability Curves Showing Poisson’s Exponential 
Summation,’ by George A. Campbell. In many important 
practical operations the constant probability of an event 
happening in a single trial is extremely small but the 
number of trials is so large that the event may actually 
occur a sufficient number of times to become a matter 
of importance. This paper gives, in the form of tables 
and curves, a result of extensive computations of the 
probability that such an event will happen at least c 
times in a number of trials for which the average number 
of occurrencesisa. The probability range is from .000001 
to .999999 and all average extends from 0 to 200. The 
results as given in the curves and tables are used in certain 
probability problems arising in connection with the lay- 
ing out of trunking facilities in telephone offices. 

Bell System Sleet Storm Map, by J. N. Kirk. This 
paper describes sleet storm records which have been 
collected throughout the United States since 1911, and 
in so far as possible the collection of these data was made 
retroactive. From the data a map has been prepared in 
which the destructive effect of storms over a consider- 
able number of years is indicated, the severity of the 
storms being measured directly in terms of destruction 
to telephone plant. Charts are given showing the load 
on the wire and pole plant due to wind and sleet alone 
and the two combined. 

Measurements on the Gases Evolved from Glasses of 
Known Chemical Composition,’ by J. E. Harris and E. E. 
Schumacher. This paper has a very direct bearing upon 
the pumping or exhausting of the vacuum tubes used in 

telephone repeaters and similar thermionic tubes. The 


*Bell System Technical Journal—January, 1923. 

™Bell System Technical Journal—January, 1923. 

‘Journal of Industrial and Engineering Chemistry, February, 1923, and the 
Bell System Technical Journal, January, 1923. 
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telephone repeater bulb, as is well known, holds a vacuum 
of the order of 10~° mm. of mercury. In order to produce 
this vacuum it is necessary during the manufacture of 
the tube to not only remove the air from the space within 
the bulb but also to allow very considerable amounts of 
various gases to diffuse out from within the glass of the 
bulb and the metal parts of the tube structure. The 
volume of gas which is frequently removed from the metal 
plates, for instance, may be roughly estimated as 100 
times the volume of the plates themselves, the volume of 
the gas being measured at atmospheric pressure. To 
remove these gases from the bulb and metal parts, it is 
necessary to maintain during the pumping process a 
temperature which is far above the normal temperature 
and a fair degree of vacuum within the bulb for a period 
of time which varies from a few minutes to an hour or 
more depending upon the type of tube. 

With a view to simplifying the pumping process, the 
authors have found that a glass relatively free from ab- 
sorbed gases can be produced by using special precau- 
tions in manufacture. The authors have also measured 
and analyzed the gases evolved from glasses of various 
composition. Seven different samples representing four 
distinct types of glass have been experimented with. 
Six of these samples of glass have been carefully analyzed 
and definite relations found between the amounts and 
kinds of gases evolved and the chemical composition of 
the glasses. 

The Transformation of Color Mixture Equations From 
One System to Another. II. Graphical Aids*. This paper 
is a continuation and amplification of a previous one by 
the same writer. The general problem considered is the 
correlation of all systems of color measurement. The 
only unique measurement of color is the physical measure- 
ment of the distribution of radiant intensity through the 
spectrum. Such measurements are, however, not easily 
interpreted in terms of color sensations, and the number 


*Herbert E. Ives, Journal of the Franklin Institute, January, 1923, p. 23. 
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of measurements necessary is inconveniently large. Much 
simpler, theoretically, are the three element systems of 
measurement. These depend upon the experimental 
fact that all colors may be matched by mixtures of three, 
usually chosen as red, green, and blue. According to 
whether the unit of value is the amount of the color neces- 
sary when mixed with the other primaries to make white, 
or the amount which is of equal luminous value with the 
other primaries chosen, measurements of this sort may 
be expressed in either one of two rectangular coordinate 
systems. When the units are equal luminous values of 
the primaries, it has been customary to express the results 
in terms of the relative amounts, on a luminous scale, of 
white and a spectrum color which must be mixed to match 
the test color, together with a statement of the wave 
length of the spectrum color. In the first of this series 
of papers the analytical expressions are developed for 
transforming measurements made by any of these sys- 
tems of color measurement into values on the other sys- 
tems. In this second paper a number of graphical aids 
are described, leading to several charts by means of 
which the transformations in question are greatly facil- 
itated. : 
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TRANSATLANTIC RADIO TELEPHONE 
EXPERIMENTS 


EW honors in the field of telephone research were 

achieved by Bell System engineers when, on the 
night of January 14, executives of the American Tele- 
phone and Telegraph Company talked from the United 
States to England by radio telephone. 

Sitting in his office on the twenty-sixth floor of the 
Telephone and Telegraph Building, 195 Broadway, New 
York, H. B. Thayer, president of the company, spoke 
into a telephone words which were carried over cables 
and open telephone wires to Rocky Point, L. I., transmit- 
ted through the ether, and plainly and distinctly heard 
by a group of scientists and newspaper representatives 
assembled at New Southgate, a suburb of London. 

The Rocky Point sending station is owned by the 
Radio Corporation of America. The radio apparatus 
and system used was made possible by cooperation 
between this company and the American Telephone and 
Telegraph Company and is the result of research and 
experimental work in the laboratories of American Tele- 
phone and Telegraph Company and the laboratories of 
the Radio Corporation of America and its associated 
companies. | 

Transatlantic radio telephony is not new. In 1915 
Bell System engineers succeeded in sending the human 
voice by radio telephone from Arlington, Va., to Paris. 
The experiment of January 14, however, differed from 
that of eight years before in that it was carried out along 
lines definitely prearranged, the program extending over 
a period of exactly two hours. Whereas, in the ex- 
periments of 1915, a few words and sentences were intel- 
ligible, in the later test thousands of words were trans- 
mitted and received in England so clearly and distinctly 
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that the intonations of the speakers were recognized by 
their friends and acquaintances. 

In addition to Mr. Thayer, Vice Presidents John J. 
Carty and Walter 8. Gifford of the American Telephone 
and Telegraph Company also sent messages to England, 
as did several engineers of the Development and Research 
Department staff. The arrangements for the experiment 
in England were in charge of Frank Gill, European Chief 
Engineer of the International Western Electric Company. 

One-way transmission only was possible, because of 
the lack of suitable sending apparatus in England. Con- 
firmation of the receipt of the messages was received by 
cable, the first cablegram being received eleven minutes 
after Mr. Thayer began speaking. 

The transmission of actual messages was preceded by 
several weeks of experimentation in which isolated words 
were used for test purposes. In the course of these 
preliminary tests a mass of data in regard to the trans- 
mission characteristics of the ether was obtained. It is 
believed that these records will be of considerable value 
in the research work being carried on by Bell System 
engineers. 


JOINT MEETING OF THE AMERICAN INSTITUTE 
OF ELECTRICAL ENGINEERS IN NEW YORK 
AND CHICAGO 


NE of the attractions on the program of the mid- 
winter convention of the American Institute of 
Electrical Engineers was a joint meeting between 1000 
members assembled in New York and 500 members assem- 
bled in Chicago. The meeting was held on the evening 
of February 14th, President F. B. Jewett presiding from 
New York. The two assemblies were united as though 
in a single auditorium through the agency of the Western 
Electric Company’s public address system associated 
with the long distance telephone lines of the American 
Telephone and Telegraph Company, in such manner as 
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to give two-way loud-speaker operation. By means of 
this installation papers which were read in New York 
were heard simultaneously by the audience in Chicago 
and papers read in Chicago were also heard at New York. 
After the papers were read they were discussed before 
the two audiences by Mr. J. J. Carty, Vice President of 
the American Telephone and Telegraph Company and 
Mr. E. B. Craft, Chief Engineer of the Western Electric 
Company, speaking in New York and Mr. B. E. Sunny, 
Chairman of the Board of Directors of the Illinois Bell 
Telephone Company, speaking in Chicago. 

The technical aspects of the loud speaker installa- 
tion, except for the two-way transmission feature, were 
similar to those employed at the ceremony attending the 
burial of the Unknown Soldier when audiences in Wash- 
ington, New York and San Francisco heard the exercises. 
These technical aspects were discussed in two papers, 
the first by I. W. Green of the American Telephone and 
Telegraph Company and J. P. Maxfield of the Western 
Electric Company and the second by W. H. Martin and 
A. B. Clark of the American Telephone and Telegraph 
Company. 

At each auditorium the only apparatus visible was a 
small but very sensitive transmitter which stood on the 
speaker’s desk and a group of small horns suspended 
above from which the amplified voices were emitted. In 
addition to the visible apparatus, powerful vacuum tube 
amplifiers were used to magnify the speaker’s words. 
Sets of these amplifiers as well as the transmitters and 
horns were located at both New York and Chicago. The 
long distance wire telephone circuit joining the two 
audiences carried special equipment so as to deliver the 
speakers’ voices at either end with a minimum of dis- 
tortion. 

A special telephone circuit also carried the speakers’ 
voices to the radio station WEAF in New York from 
which they were broadcast to many thousands of listeners 
who were not in attendance at either auditorium. 
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SECOND TRANSCONTINENTAL ROUTE 
PLANNED 


LANS are nearing completion for work which will 

make available a second transcontinental route. 
The construction work which it is expected to complete 
this year involves pole line work, wire and equipment 
installations from Denver via El Paso to Los Angeles. 

Transcontinental telephone service was first made 
available to the public in January, 1915. Prior to that 
time, two routes, both carrying long haul circuits, had 
been extended as far West as Denver. The extension of 
this service to the Pacific Coast involved the construc- 
tion of many miles of new pole line, the stringing of four 
165 (No. 8 B.W.G.) wires between Denver and San Fran- 
cisco, extensive rearrangements of the existing circuits 
east of Denver, and the installation of telephone repeat- 
ers and associated equipment at suitable points between 
New York and San Francisco. High quality telephone 
service has been furnished over these circuits since their 
completion, various improvements having been made 
from time to time as the art advanced. 

The four 165 wires when originally provided west of 
Denver made available more telephone facilities than 
were regularly required at that time for through traffic, 
and part of the circuits were used for business to inter- 
mediate points between Denver and San Francisco. All 
of these facilities are now required for through business 
and some 104 (No. 12 N.B.S.) wires have been provided 
to serve the intermediate points. 

While the provision of additional facilities to handle 
the shorter haul traffic west of Denver has made it pos- 
sible to care for a greatly increased volume of business, 
the demand for through telephone service continues to 
increase and additional facilities must now be provided. 

After carefully considering all of the factors involved, 
it has been decided that the service as a whole can be 
best safeguarded by providing the additional facilities 
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now required on a second route, and arrangements are 
under way to make four 165 gauge wires available from 
Denver to Los Angeles via El Paso. The carrying out 
of this plan will make available two separate routes carry- 
ing long haul circuits from the Pacific Coast to points 
east of Denver, two such routes having been available 
east of Denver since transcontinental service was started. 
As the new route is largely through a section of country 
where few severe storms are experienced, a high degree 
of protection to this very important service will be fur- 
nished. In addition, the circuits to be provided on the 
new route will more satisfactorily handle the rapidly 
increasing requirements for through service between Los 
Angeles and other southern California points and the 
East. 


The provision of facilities along this route is in line 
with the plans for permanent extensions of the trunk 
lines for nation-wide service which contemplated the 
provision of at least three main transcontinental routes 
with suitable North and South tie lines. One of the 
two new routes planned will extend from New Orleans 
and Dallas via El Paso to Los Angeles, and the other 
from Minneapolis via Fargo and Billings to Seattle. The 
work being undertaken this year fits in with the plans for 
the Southern Route. 


THE ANNUAL MEETING 


HE annual meeting of the stockholders of the 

American Telephone and Telegraph Company was 
held at the headquarters building at 195 Broadway, 
New York, on March 27th, and the directors were re- 
elected by a vote of 4,473,838 shares, there being no dis- 
senting vote. 

The stockholders’ representation was very satisfactory, 
there being over 150 shareholders present in person and 
156,922 shareholders represented by proxies. The trans- 
actions of the past year were approved. 
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Preceding the annual meeting, a special meeting was 
held at which it was voted to increase the authorized 
capital stock to 10,000,000 shares or $1,000,000,000, as 
recommended in the annual report to meet future re- 
quirements of the business. Mr. Thayer stated that no 
immediate offering of stock was contemplated. 
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